Abstract To assess the cost-effectiveness of abatacept compared to different biologic treatment strategies for moderate to severe rheumatoid arthritis based on current medical practices in Canada. A model was constructed to assess the cost-effectiveness of various biologic treatments over a 2-year time horizon, using two effectiveness endpoints: "low disease activity state" (LDAS) and "remission". Abatacept, as first biologic agent after an inadequate response to DMARDs, provides greater treatment success rate for achieving LDAS (29.4% versus 15.6%) and remission (14.8% versus 5.2%), and appears significantly more cost-effective compared to the sequential use of anti-TNF agents (p<0.001). Abatacept, as second biologic agent after an inadequate response to one anti-TNF agent, provides greater treatment success rate for achieving LDAS (17.1% versus 10.2%) and remission (7.4% versus 3.9%) and appears significantly more cost-effective compared to the sequential use of anti-TNF agents (p<0.001). Abatacept is a cost-effective strategy in patients with an inadequate response to DMARDs or to one anti-TNF agent.
Introduction
During the past decade, the therapeutic management of patients with Rheumatoid Arthritis (RA) has undergone significant evolution. There has been a shift in the management of RA towards beginning therapy immediately with diseasemodifying anti-rheumatic drugs (DMARDs) in order to control disease activity, to reduce functional impairment and to prevent irreversible changes in cartilage and bone [1] . However, in the long term, patients treated with DMARDs may show deterioration in radiographs and joint function, indicating the need for improved therapies. To address these unmet needs, biologic agents were developed and provide treatment alternatives for patients with an inadequate response to DMARDs. The first biologic agents introduced on the market were tumor necrosis factor antagonists (antiTNFs) and include etanercept, infliximab, and adalimumab.
Although anti-TNF therapies combined with methotrexate (MTX) have shown improved efficacy in clinical trials compared to DMARDs alone, a significant proportion of patients are not effectively treated with these biologic therapies, either due to lack or loss of efficacy and/or to adverse events. In controlled clinical trials, 25% to 50% of patients fail to achieve the minimum 20% improvement in ACR criteria following anti-TNF treatment, and only a small proportion of patients achieves a 50 or 70% improvement [2] [3] [4] [5] [6] [7] . In addition, some studies have shown that treatment discontinuation rates with anti-TNF treatment approaches 30% at 1 year, due to lack or loss of efficacy and/or to adverse events [8, 9] . There is also emerging evidence of a risk of decreased efficacy with the sequential use of anti-TNF therapies [8] . For these patients, this represents an unmet medical need for which new therapeutic options are required. Furthermore, direct and indirect medical costs associated with RA are significant [10] . Thus, alternative treatment strategies have been developed to address the above unmet needs [11, 12] .
To assist decision-making, the introduction of a new biologic option, such as abatacept, requires an assessment of its value in the context of existing therapies. The value of a new therapeutic option is defined by its clinical benefits and by conducting cost-effectiveness analyses which assess and compare the effectiveness of different technologies in relation with their corresponding overall treatment costs.
The arrival of abatacept, the first of a new class of biologic agents for rheumatoid arthritis known as selective co-stimulation modulators, offers a new therapeutic alternative for patients with moderate to severe active RA and an inadequate response to one or more DMARDs and/or to TNF antagonists [11, 12] .
Materials and methods

Model framework
In the absence of well-designed head-to-head clinical trials assessing and comparing the effectiveness of various biologic agents, economic evaluations of health care technologies use models to synthesize evidence from multiple sources in order to estimate short, mid-, or long-term costs relative to the outcomes of various therapeutic strategies. These models allow the representation of current treatment patterns, therapeutic strategies, and treatment switches, and take into account the overall impact of both treatment success and failure relative to each technology being assessed [13] .
The objective of this simulation model was to assess the cost-effectiveness of abatacept vs. anti-TNF therapies in patients with moderate to severe RA and with an inadequate response to one or more DMARDs and/or anti-TNF agents. The analysis includes direct costs and was thus conducted using the perspective of the public payer.
The defined population entering this model is composed of patients with moderate to severe RA with an inadequate response to DMARDs, eligible for biologic therapy. In this model, patients achieving treatment success (defined as either achieving a low disease-activity state (LDAS) or remission) are maintained on existing therapy for up to 2 years. Only those with an inadequate response to a biologic therapy are switched to a subsequent biologic agent, with decision to switch made at 6 months intervals in case of an inadequate response. To assess the cost-effectiveness of abatacept used as first biologic therapy in patients with an inadequate response to DMARDs and as second biologic therapy in patients with an inadequate response to a first anti-TNF agent, the comparator was defined as a successive trial of anti-TNF therapies based on the most established treatment pattern in Canada at time of model development. The selection of treatment options was based on local medical practices and the most robust drug prescription surveys available. As rituximab was not reimbursed for rheumatoid arthritis in Canada at time of model development, it was not considered a valid comparator for the purpose of this analysis.
In this model, each strategy being assessed and compared is composed of different biologic agents used successively following an inadequate response to the previous treatment. The model also includes two clinically relevant effectiveness endpoints (either achieving LDAS or remission), which are defined as the most desirable and clinically relevant outcomes in RA [14] [15] [16] . To take into account all potential therapeutic scenarios and clinical outcomes, 14 decision trees similar to the one presented in Fig. 1 were developed.
The decision tree illustrated in Fig. 1 is composed of 45 health states (branches) and 30 transition probabilities. Each decision tree uses the following set of parameters: Success rate (LDAS or remission rate) over 2 years and confidence interval (CI), Corresponding medical costs over 2 years and CI, Mean cost-effectiveness ratios (mean costs divided by mean effectiveness) and CI, and Incremental cost-effectiveness ratios (ICER: costs difference divided by effectiveness difference) of one strategy versus an alternative strategy.
These decision trees were designed as "simulation models" and programmed to take into account the entire distribution costs and distribution effectiveness for each pre-defined parameter according to specific distribution laws. For simulation models consuming large amounts of computer processing time, powerful workstations with parallel-processors and adapted programming languages (Dscript language-DecisionPro® software) were used.
Other model assumptions were considered consistent with clinical practices: the same treatment continues as long as it is efficacious; decision to switch treatment may occur only in case of lack of success to treatment for all causes (e.g., lack or loss of efficacy, adverse events, intolerance, etc); the model allows switches to occur every 6 months.
Regarding costing aspects, this cost-effectiveness analysis uses the perspective of the public payer and considers direct medical costs. However, given the significant indirect costs associated with RA, the cost-effectiveness results can be considered conservative from a societal perspective.
Effectiveness endpoints
The primary objective when treating RA is to control inflammatory activity of the disease, and if possible, to achieve remission [14] [15] [16] . Thus, clinical remission is considered as the most desirable clinical outcome [14] . Control of disease activity in RA is therefore an important treatment goal for preventing the progression of joint damage and functional disability, and their clinical and economic consequences [17, 18] . Remission has been most often defined using the Disease-Activity Score (DAS) which is a composite index that includes variables such as the number of tender and swollen joints, erythrocyte sedimentation rate (ESR), and the patient's assessment of disease activity. This index facilitates the quantification of disease activity and provides a more reliable overall estimate than would each individual measurement [16] . While the original DAS44 score is based on the assessment of 44 joints, a DAS index using a low number of joint counts (DAS28) was developed and validated and the response criteria appear to be as valid as the ones with larger number of joint counts. Hence for simplicity, the reduced number of joint counts (DAS28) is now preferred in standard clinical practice [16] . Newer and simpler indices are also gaining in acceptance such as the Simple Disease-Activity Index (SDAI) and the Clinical Disease-Activity Index (CDAI).
Given that remission and LDAS represent the primary treatment objectives in RA, for the purpose of this costeffectiveness analysis, treatment effectiveness was defined as either achieving disease remission (DAS28<2.6) or LDAS (DAS28≤3.2).
The DAS induction data used to populate the model are from published pivotal trials and the maintenance data (up to 2 years) are from either published trials or clinical trial analyses [11, 12, 19, 20] . For abatacept, clinical trial evidence included all clinical evidence available and published at time of model development. This included 12 months data in patients with an inadequate response to DMARDs (Phase II and Phase III AIM trial) [12, 20] and 6 months data in patients with an inadequate response to anti-TNF therapies (ATTAIN trial) [11] . Two-year extension maintenance effectiveness data from both pivotal trials was used confirming long-term and sustained clinical benefits in both patient populations responding adequately [21, 22] .
The safety of abatacept in patients with RA was evaluated in a large, randomized, placebo-controlled trial [23] and in the ATTAIN and AIM trials and extension studies [21, 22] .
As indicated in Table 1 , the induction effectiveness data (effectiveness of one specific biologic class appearing in the sequence for the first time) is from the etanercept [19] and from the abatacept clinical trials available at time of model development [11, 12, 20] .
The maintenance effectiveness data beyond the first 6-month cycle (i.e., effectiveness of one specific biologic class maintained after the first cycle and for one or more subsequent 6 months cycles) in DMARDS inadequate responders is again from the TEMPO trial for etanercept and from the AIM trial for abatacept. Considering the TEMPO trial [19] , effectiveness data comes from the third arm of the trial combining etanercept and methotrexate. This is consistent with the effectiveness data extracted from the abatacept trials (AIM and ATTAIN) where abatacept was used in combination with DMARDs.
The maintenance effectiveness data in anti-TNF inadequate responders is from the ATTAIN trial for abatacept [11] . In the absence of well-designed controlled clinical trials assessing the effectiveness of anti-TNFs in anti-TNF inadequate responders, the ATTAIN study results were objectively applied to each anti-TNF switch, using the assumption of a 10% reduction in effectiveness after each switch. This assumption reflects the unanimous opinion of the clinical experts as well as recent clinical evidence reporting that switching anti-TNF agents is often associated with a lower efficacy and/or increased rate of treatment discontinuation [8, [24] [25] [26] [27] .
As economic modeling considers active treatment arms, placebo adjustment was not performed. This is because the objective of most cost-effectiveness models is to consider "effectiveness" data (total observed effectiveness including placebo effect, concomitant drugs effects such as MTX, etc.), and not only "efficacy" data (effect of one active agent considered in isolation) in order to reflect real-life settings. However, the proposed methodology does take into account study population variability (differences in inclusion and exclusion criteria, protocols, etc.) in simulating all parameters distributions (extensive probabilistic sensitivity analysis using Monte Carlo simulation techniques).
The model calculates as an effectiveness outcome the overall effectiveness of each entire sequence of biologic strategies. The final outcome of the model is a computation and comparison of different sequences of biologic strategies to reflect current medical practice, which consists of switching biologic therapies in case of an inadequate response to the previous one.
Cost analysis
Drug costs are expressed in Canadian dollars and were calculated based on approved product monographs in Canada and 2006 list prices (Table 2) . Where relevant, the number of units required per year was calculated based on the average body weight in Canada estimated at 75 kg for the targeted age group of 45-64 years [28] .
As per approved label, abatacept is administered over a 30-min i.v. infusion (no pre-medication required) at 2 and 4 weeks after the first infusion, and every 4 weeks thereafter. Assuming a 75 kg average body weight in Canada and based on abatacept fixed dose regimen per body weight range (<60 kg=500 mg, ≥60 and ≤100 kg= 750 mg, and >100 kg=1,000 mg) [Health Canada Product Monograph 2006], the analysis considers an average dose of 750 mg (3×250 mg vials) per infusion. Infusion costs were not included because in Canada, infliximab and abatacept were administered in participating rheumatology and infusion clinics (and even at home for abatacept) and hence, were not incurred by the public payer. Direct medical costs per DAS score categories were assessed based on a Canadian cost survey [29, 30] . In this study, data were collected from 253 adult patients throughout the province of Ontario. Detailed resource utilization items of the following cost categories were collected: visits to health professionals [family physician, specialist (non-surgical reported separately from surgical visits), allied health, dentist], laboratory tests or investigation (X-ray, CT, MRI, ultrasound, ECG, other laboratory, bone density), hospitalizations, prescribed drugs (arthritis [not including anti-TNF or co-stimulation modulator], anti-hypertensive, gastro-protective, other), home care, transportation services. adaptive aids/other devices.
Direct medical cost data were analyzed for 138 patients for whom four DAS components were complete. Data for these RA patients were tabulated and categorized within the DAS framework by threshold scores (Table 3 ) [29] .
Uncertainty management
For each uncertain variable (one that has a range of possible values), probability distribution and confidence intervals were selected by the authors. A lognormal distribution shape was selected to program costing variability. The main advantage of lognormal distribution is the zero origin, which allows the simulation of costing data.
A beta distribution shape was selected to program transition probabilities variability. Beta distribution is a continuous probability distribution with the function defined on the interval [0, 1], which allows to simulate probability data (always between 0 and 1=100%). For example, as different studies were used to provide the efficacy data in the model, one could argue that patient populations would not be similar and consequently, treatment responses would not be directly comparable. Taking into account the entire distribution of effectiveness parameters, this potential variability was addressed and managed by the model.
In addition, as recommended in the 2006 Canadian Agency for Drugs and Technologies in Health (CADTH) guidelines for economic evaluation of health technologies (www.cadth.ca), an extensive probabilistic sensitivity analysis using Monte Carlo simulations was used to manage the uncertainty of the model. Monte Carlo simulations randomly select a value from the defined possibilities (range and shape of the distribution) of each parameter and then recalculates the outcomes [31] . Confidence intervals of outcomes have been calculated using 5,000 Monte Carlo simulations. By screening all uncertain parameter values to construct outcome confidence intervals, this approach is considered a robust sensitivity analysis ("probabilistic sensitivity analysis") [31] [32] [33] [34] .
Results
Reference case: 2-year treatment with up to three successive biologic agents (in case of an inadequate response to the previous biologic agent)
Achieving LDAS after an inadequate response to DMARDs
Considering the current anti-TNF sequential strategy of reference:
-Etanercept→ Infliximab→Adalimumab→DMARDs the following therapeutic strategies including abatacept were simulated:
Considering patients with an inadequate response to DMARDs entering the model, compared to anti-TNF therapies, the lowest cost biologic strategy was abatacept used as the first biologic agent. This strategy was dominant (i.e., both more effective and less costly), providing 13.8% greater probability of achieving LDAS than sequential anti-TNF therapy (29.4% vs. 15.6%) with an overall RA-related cost-saving of $730 ($39,759 vs. $ 40,489) over 2 years (Table 4) .
Using the same patient population at entry, abatacept used as second biologic after an inadequate response to one anti-TNF agent (etanercept) was compared to sequential anti-TNF therapies. Abatacept was cost-effective, providing 3.7% greater probability of achieving LDAS (19.3% vs. 15 .6%) at an additional cost of $463 ($40,952 vs. $40,489) over the 2-year period, representing an incre- (Table 4) . Thus, abatacept used as first biologic appears to be less costly and to provide greater probability of achieving LDAS than using abatacept as second biologic agent. Mean cost-effectiveness ratio also showed statistically significant lower cost for achieving LDAS with abatacept as first biologic agent (p<0.0001).
Achieving remission after an inadequate response to DMARDs
Using the sequential biologic strategies cited above, the same simulations were conducted with disease remission as the effectiveness endpoint. Again, the lowest cost strategy was abatacept used as the first biologic agent (Table 4) . This strategy was dominant, providing 9.6% greater probability of remission compared to sequential anti-TNF therapy (14.8% vs. 5.2%) with an overall RA-related costsaving of $504 ($38,061 vs. $ 38,565). Using the same population of patients with an inadequate response to DMARDs at entry, abatacept used as second biologic after inadequate response to one anti-TNF agent (etanercept) was compared to sequential anti-TNF therapies. Abatacept was cost-effective, providing 3.5% greater probability of remission (8.7% vs. 5.2%) at an additional cost of $589 ($39,154 vs. $38,565) over the 2-year period, representing an incremental cost-effectiveness ratio (ICER) of $16,829 per additional remission gained. Again, abatacept used as first biologic was found to be less costly overall and to provide greater probability of remission than abatacept used as second biologic option (Table 4) . Mean cost-effectiveness ratio also showed statistically significant lower cost for achieving remission with abatacept used as first biologic agent (p<0.0001).
Achieving LDAS or remission after an inadequate response to one anti-TNF agent
To assess the cost-effectiveness of abatacept in patients with an inadequate response to one anti-TNF agent, alternate modeling was performed where this time the model only enrolled patients with an inadequate response to a first anti-TNF agent (etanercept). This alternate model was conducted to allow a more direct comparison of abatacept as second biologic agent versus sequential anti-TNF therapies in this patient population. The model was programmed setting a failure to an initial 6-month treatment with etanercept so that all patients were switched to either abatacept or infliximab as the second biologic option, followed by infliximab and adalimumab, respectively.
Under this alternate modeling approach, compared to cycled anti-TNF therapies, abatacept used as second biologic agent after an inadequate response to one anti-TNF agent was cost-effective, providing 6.9% additional treatment success rate for achieving LDAS (17.1% vs. 10.2%- Table 5 ) and 3.5% additional treatment success rates for achieving remission (7.4% vs. 3.9%- Table 5) , at an incremental cost-effectiveness ratio (ICER) of $20,377 per additional case of LDAS and $26,400 per additional remission, respectively.
Discussion
When conducting economic evaluations, it is recommended to use data analogous to real-life benefits and a clinical pathway consistent with the practice of the country in which the analysis is conducted [33] . Economic evaluations should also reflect clinical practice and ideally, should include disease-specific clinical outcomes [34] . As achieving LDAS or remission represent primary therapeutic objectives and most desirable clinical outcomes in RA [14] [15] [16] , achieving these treatment outcomes is becoming an important measure by which to compare different treatment strategies [35] .
Since response relative to baseline may have less significance as duration of a particular therapy increases, describing the disease status in absolute terms may be more relevant in this circumstance. As suggested by the Outcome Measures in Rheumatology Clinical Trials (OMERACT) group, this can be done by a continuous absolute measure such as the DAS and by counting the proportion of patients classified as being in remission or in a low disease-activity state [34] . Thus, achieving LDAS or remission was used as the most clinically relevant effectiveness endpoints in this analysis. The OMERACT group also suggests that comparative studies in RA consider not one therapeutic agent but rather a sequence of therapies over the long term, i.e., a therapeutic sequence strategy. Modeling of therapeutic sequences is of particular importance in evaluating the cost-effectiveness of a chronic disease therapy to help identify the most clinically relevant population for a new drug, and where it may be best positioned within an established therapeutic sequence [34] . While realistic sequences should be modeled, depending on the clinical setting, research documenting the type of sequences used by rheumatologists is also lacking.
Comparing across clinical trials is always a difficult task as populations and methodologies are not necessarily similar. This is why such approaches must be undertaken with extreme caution. However, robust meta-analyses are nowadays considered as part of evidence-based medicine and simulation models provide interesting additional techniques to combine and compare data from different sources (clinical trials, literature, reports, observational data, etc.). In the present model, data variability was managed using probabilistic sensitivity analyses and validated assumptions to integrate data from heterogeneous sources. Hence, modeling approaches provide methodological frameworks for conclusions to be interpreted in the context of their specific underlying assumptions.
For the purpose of this cost-effectiveness analysis (CEA), in the absence of comparative trials, the most established anti-TNF treatment pattern in Canada at time of model development was used as comparator, based on local medical practice and market research data, and validated by an expert panel six expert rheumatologists.
Clinical trials duration represents another challenge when assessing long-term impact. Most experts agree that models should include at least one-year time horizon as modeling clinical benefit beyond trial duration is a contentious element that often requires relative outcomes measures which may impede the comparability of economic evaluations [33, 34] . To best reflect clinical practice in this model, in accordance with clinical experts, the time horizon was set at 2 years with the possibility to switch treatment at 6-month intervals in case of inadequate response.
Another type of economic evaluation to consider could have been to conduct a cost-utility analysis (CUA) which requires the use of "utility" scores (preference assessment) to generate Quality Adjusted Life Years (QALY) as a potential composite assessment indicator. These type of economic evaluations are regularly published in the area of rheumatology [36] [37] [38] but are often inadequately presented as "cost-effectiveness" studies. This may add to the confusion regarding two methods that are neither equivalent nor interchangeable. While real cost-effectiveness analyses compare costs with an effectiveness criteria expressed in natural unit of clinical outcome (such as "disease remission" as a valid clinical success criteria), cost-utility analyses compare costs with a QALY indicator derived from patient preferences to construct a "utility" score. However, there is increasing evidence that the QALY indicator used in RA may lead to divergent or inconsistent results depending on the utility assessment method used [33, [39] [40] [41] [42] [43] [44] . As reported in the CADTH economic guidelines, CUAs and related preferences assessment instruments often produce different scores for the same health state. However, improvement in quality of life is of paramount importance in the management of RA and using a real costeffectiveness demonstration (expressed in cost per clinical outcome) should not reduce the significance of the improvement in quality of life as an important and relevant additional outcome. When compared to traditional DMARDs, abatacept was shown in the AIM and ATTAIN trials to statistically significantly improve all quality of life domains in patients with an inadequate response to DMARDs and/or to anti-TNF therapy [11, 12] .
Clinical guidelines currently recommend the use of biologic agents after an inadequate response to traditional DMARDs. Abatacept introduces a new class of biologic agents with a distinct mechanism of action than anti-TNF agents. Incremental clinical and economic value is therefore expected given the risk of reduced efficacy and high discontinuation rates reported with the sequential use of anti-TNF therapies [8, [24] [25] [26] [27] , and the well-reported issue of dose escalation with infliximab in more than 50% of patients [45] [46] [47] [48] [49] [50] [51] .
The uniqueness and strength of this cost-effectiveness analysis is that it uses robust and clinically relevant outcomes as effectiveness endpoints (i.e., remission or LDAS as RA treatment goals) to compare therapeutic strategies which represent current medical practice for the management of RA, including biologic treatment switches.
Conclusion
This advanced cost-effectiveness modeling is the first assessing various biologic strategies based on current medical practice for the management of RA in Canada. The results show that when used as first biologic agent in patients with moderate to severe RA and with an inadequate response to DMARDs, abatacept appears to be dominant (i.e., overall less costly and more effective) compared to anti-TNF therapies, consistently showing significantly lower treatment cost and better probability of achieving treatment success, defined as either LDAS or remission. The results also show that when used as second biologic agent in patients with an inadequate response to a first anti-TNF agent, abatacept is cost-effective compared to anti-TNF therapies. This CEA being based on direct costs, the cost-effectiveness results are likely understated from a societal perspective. Once comparative long-term clinical evidence becomes available, similar modeling approaches will be useful to simulate long-term costs, effectiveness, and cost-effectiveness.
